Abstract: A number of empirical equations have been proposed for the soil-water characteristic curve. A nonlinear, least squares method was used to determine best-fit parameters for several empirical equations that were best-fit to 230 water content versus soil suction data sets. In addition, two proposed correction methods to accommodate high soil suctions up to I 000 000 kPa were applied to the various soil-water characteristic curve equations. The data sets of water content versus soil suction were arranged into one of the USDA soil classifications based on their relative amounts of sand, silt, and clay (only eight soil classifications had sufficient data for later analysis). The quality of fit for each model was compared using the Akaike Information Criterion. A series of conclusions were arrived at regarding (i) the relationship between two-and three-parameter equations, (ii) the relationship between exponential and sigmoidal type equations, and (iii) the value of correction factors for the high soil suction range.
Introduction
Geotechnical engineers have become increasingly aware of problems unique to unsaturated soils and the possibility of using engineering analyses to provide solutions. Computer models are now routinely used to predict the movement of water and chemicals through unsaturated soils. Such models can most successfully be used when there is a mathematical equation to represent the soil-water characteristic curve and the unsaturated soil properties. The soil-water characteristic curve (i.e., the (gravimetric or volumetric) wa-ter content versus soil suction relationship) provides key information for the estimation of unsaturated soil property functions (Fredlund 1995) .
The soil-water characteristic curve can be viewed as the continuous sigmoidal function describing the water storage capacity of a soil as it is subjected to various soil suctions. The soil-water characteristic curve contains important information regarding the amount of water contained in the pores at any soil suction and the pore size distribution related to the stress state in the soil-water.
The relationship of the soil-water characteristic curve to unsaturated soil behavior has been well established by numerous researchers (Fredlund 1996) . The soil-water characteristic curve and the unsaturated coefficient of permeability functions are required when solving transient water and solute transport problems associated with the vadose zone. Many other soil properties such as shear strength, chemical diffusivity, chemical adsorption, water volume storage, volumetric water content, specific heat, thermal conductivity, and volume change can also be related to the soil-water characteristic curve. Fredlund and Xing (1994) Gardner (\ 956) van Genuchten (1980) van Genuchten (1980) - Burdine (1953) van Genuchten (1980) - Mualem (1976) Normalized water content form Fayer and Simmons (1995) correction Fredlund and Xing (1994) correction 'I' < aev 'I' > aev Note: Definition of variables: 9 is any volumetric water content; 9, is the saturated volumetric water content; 9, is the residual volumetric water content; 8d is the dimensionless water content (9 I 9,); 8. is the normalized water content, (9 -9,) I (9, -9,); IjI is the soil suction; aev is the air-entry value; a is the first soil fitting parameter; n is the second soil fitting parameter; m is the third soil fining parameter; and 9, (1jI) is the soil-water characteristic function.
Nonparametric and parametric methods for representing the soil-water characteristic curve
Nonparametric methods of representing the soil-water characteristic curve do not produce fitted parameters. The most basic nonparametric method of estimating the soil-water characteristic curve is to manually draw a series of straight lines between experimental points or a continuous curve through the data points. These procedures are inaccurate and cumbersome to use for numerical modeling purposes.
Another nonparametric method is the use of a spline function (Eubank 1988 ). There are a number of difficulties associated with the use of spline functions for modeling soilwater characteristic data.
(I) The first derivative of the spline function can often produce meaningless and erroneous results.
(2) Too much information is required for the spline function, and it is difficult to use the spline function data in the derivation of other soil properties.
(3) Experimental errors can cause the points to deviate from the true curve, and splines can become quite inaccurate.
A parametric model is a mathematical function that is fitted to experimental water content versus soil suction data points. The use of parametric models has several advantages.
(I) Parametric models inherently produce smooth curves from "noisy" soil-water characteristic curve data.
(2) Parametric models are relatively easy to use in the derivation of other soil properties.
(3) Parametric model parameters provide an efficient means of handling experimental data, which is particularly important to the computer modeling of large and complex problems.
(4) The model parameters give a quantitative description of the shape of the soil-water characteristic curve and can be correlated to soil classification properties.
Parametric methods appear to have a distinct advantage over nonparametric methods in representing soil-water characteristic curve information.
Objectives of the study
The objectives of this study are as follows: (I) To determine the relative suitability of various mathematical equations previously proposed for the soil-water characteristic curve, particularly as the equations pertain to geotechnical engineering.
(2) To study the influence of two methods proposed for correcting the shape of the mathematical models to ensure that the soil-water characteristic curve approaches 1 000 000 kPa at zero water content. The mathematical correction procedures are applied to all of the proposed soilwater characteristic curve models.
Optimization of soil-water characteristic curve data
Optimization techniques are used to obtain the best-fit parameters for soil-water characteristic curve data sets. The curve fitting routine determines model parameters such that the mathematical function passes as close as possible to the experimental data points without necessarily going through any of the points.
Most automated optimization schemes are based on a least squares method (Sadler 1975) . Details concerning the nonlinear procedure used for the best-fit analysis of soil- van Genuchten (1980 )-Mualem (1976 2. Fredlund and Xing (1994) correction applied to van Genuchten (1980) - Mualem (1976) -----3. Fayer and Simmons (1995) correction applied to van Genuchten (1980)- Mualem (1976) . 4 water characteristic curve data can be found in Fredlund and Xing (1994) .
Micromechanical capillary models studied to represent the soil-water characteristic curve
The success of various soil-water characteristic curve models is related to the flexibility of the pore radius density distribution or to the pore size function upon which the model is based (Sillers 1996) . The soil-water characteristic models examined in this study are parametric models based upon a pore size function and the capillary theory. The equations representing each model along with definitions of the variables used are given in Table 1 . In general, the term dimensionless water content, ed' will be used to represent the equations associated with the soil-water characteristic curve models.
where a is the volumetric water content, and as is the saturated volumetric water content. Most of the models studied have been developed by agricultural researchers to describe the soil-water suction relationship as it relates to water availability for plant growth. The most common models in the agronomy literature appear to be those by Brooks and Corey (1964) , Gardner (1956 ), van Genuchten (1980 ), and van Genuchten (1980 - Mualem (1976) . There are existing databases of typical fitted parameters for these equations.
The Boltzman (McKee and Bumb 1984) and Fermi (McKee and Bumb 1987) models are less commonly used. The Brutsaert (1966) model was included since its form was similar to those of van Genuchten (1980) and Gardner (1956) , and invites comparison. The Fredlund and Xing (1994) model was included due to its flexibility over a wide range of soil suctions and its physically meaningful soil parameters.
Most parametric models do not represent the soil-water retention data simultaneously in both the wet and dry regions (Rossi and Nimmo 1994) . Soil-water characteristic curve models only represent data up to the residual water content and as such the models tend to overestimate the water content in the dry range.
The use of a correction factor provides one means of improving the accuracy of the soil-water characteristic model in the dry range. The purpose of the correction factor is to direct the model towards zero water content at oven dry conditions corresponding to a suction of approximately 1000000 kPa (Fredlund and Rahardjo 1993) . Two different modifications have been proposed to improve the quality of fit in the dry region of the soil-water characteristic curve. Both methods are modifications of known soil-water characteristic curve models. The Fayer and Simmons (1995) correction factor replaces the residual water content with an adsorption function and was proposed by Campbell and Shiozawa (1992) . The Fredlund and Xing (1994) correction factor replaces the normalized water content form with a logarithmic function. The Fredlund and Xing correction factor makes use of an assumed residual suction value to eliminate residual water content as a fitting parameter. Figure 1 shows a data set for a sandy loam soil that is best fit with the van Genuchten (1980 ) -Mualem (1976 equation. The Fredlund and Xing (1994) correction and the Fayer and Simmons (1995) correction are then applied to improve the fit in the high soil suction range. The mathematical models with no correction factor show the suction extending to infinity at constant water content. The equations with a correction factor applied reach zero water content at a soil suction of 1 000 000 kPa. In order to test the accuracy of the proposed models, water content versus soil suction data is required within the zone of residual saturation, preferably extending to near oven-dry conditions. --Gardner (1956) - van Genuchten (1980 )-Burdine (1953 van Genuchten (1980 )-Mualem (1976 van Genuchten (1980) Fredlund and Xing (1994) . Experimental data 1 10 100 1000 10000 100000 1000000
Soil suction (kPa)
Number of fitting parameters* without correction factor van Genuchten (1980) - Burdine (1953 ) Gardner (1956 Brooks and Corey (1964) Brutsaert (1966) van Genuchten (1980 ) -Mua1em (1976 Note: na, not applicable. *The saturated water content, 9" is fixed as the water content at zero suction and not assumed to be a variable. Brooks and Corey (1964) .. Gardner(1956) '.
--
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Fayer and Simmons (1995) correction
In("'0) a The Fayer and Simmons (1995) correction factor replaces the term for residual water content with an adsorption equation based on the adsorption of water on to soil particles (Campbell and Shiozawa 1992) . The adsorption equation is a linear relationship between the water content and the logarithm of the soil suction in the dry zone of residual saturation.
where Sais the water content at 1 kPa suction (assumed to be equal to 6.3 times the air dry water content by Campbell et al. 1993) , '" is the soil suction, and "'0 is the soil suction at oven-dry conditions (can be assumed to be I 000 000 kPa (Croney and Coleman 1961; Ross et al. 1991 [3]
where 9r('If) is the soil-watercharacteristiccurve function.
Equation [3] can be written in the normalized water content form such that the equation for the soil-water characteristic curve applies between the saturated water content and the residual water content.
---where a is the soil parameter inversely related to the airentry value, and n is the soil parameter related to the pore size distribution.
The second curve in Fig where 8r is the residual water content. Curve 1 in Fig. 2 shows the volumetric water content, e, represented by the following equation:
The Fayer and Simmons (1995) correction factor improves the fit of the data in the dry region, going towards zero water content.
Fredlund and Xing (1994) correction factor
The Fredlund and Xing correction factor eliminates the need for the residual water content as a fitting parameter and reduces the complexity of the model. The correction factor is somewhat dependent on the value selected for the residual suction "'... but in general, it is possible to use a value of 3000 kPa as an estimate for most soils.
The Fredlund and Xing correction is based on mathematical considerations and is a logarithmic equation that is unity in the wet region and goes to zero water content at 1 000 000 kPa. The Fredlund and Xing correction factor equation can be written as follows:
where "'0 is the soil suction at zero water content (e.g., 1 000000 kPa).
The correction factor equation was presented as part of the Fredlund and Xing equation for the soil-water characteristic curve. However, it is also possible to use the Fredlund and Xing correction factor on other equations proposed for the soil-water characteristic curve.
[8]
InI1 + ..Y-"'r e =11-Inr1+ "'0 "'r Figure 3 illustrates the effect of the Fredlund and Xing correction factor on a clay soil (Feddes et al. 1974 In 1 + ..Y- [7] q",) = 11-"'r
In 1 + "'0 "'r [9] InI1 +" 'r a =11- Combinations of soil-water characteristic curve models and correction factors used in the statistical study
The various soil-water characteristic curve models are treated as being independent from the proposed correction factors in this study. Therefore, it was possible to combine the soil-water characteristic curve models and the correction factor models in a variety of ways. For example, the van Genuchten (1980) three-parameter, soil-water characteristic curve model can readily be modified using the Fredlund and Xing (1994) correction or the Fayer and Simmons (1995) correction. It is also possible to apply the correction factors to the Boltzman model (McKee and Bumb 1984) , the Brutsaert (1966) model, the Brooks and Corey (1964) model, the Fermi model from McKee and Bumb (1987) , the Gardner (1956) model, the van Genuchten (1980) - Burdine (1953) model, and the van Genuchten (1980) - Mualem (1976) model. The soil-water characteristic curve models can also be written in the normalized water content form (Brooks and Corey 1964) .
Normalized water content form limits the range of the model between the saturated water content and the residual water content. The normalized water content form, an, applied to the Brooks and Corey (1964) model, as an example, can be written as follows: 
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Sources of information for the soil-water characteristic curve
A sizeable database of soil-water characteristic curve data is required in order for meaningful correlations to be drawn between the fitted model parameters and the soil properties. Journals were the main source for soil-water characteristic curve data, because of their general availability and reliability. All of the data in the journals was assumed to be correct, regardless of the method used to measure the soil-water characteristic curve. The publications that contained the most soil-water characteristic curve data were the Soil Sci 
Criteria for inclusion in the database
Three criteria had to be met in order for soil-water characteristic data to be included in the database. The first criterion was that a substantial portion of the soil-water characteristic curve must be present. The curve must be experimentally defined beyond the air-entry value and over much of the unsaturated region. The second criterion was that it must be possible to reduce the experimental laboratory data to a tabular form. Any curve that was represented by fitted parameters or a curve without experimental points was excluded. The third criterion was that adequate information describing the soil must be provided within the text. Unfortunately, the laboratory method used to measure the soil-water characteristic curve was rarely mentioned. All soil-water characteristics curve information was recorded within the database as volumetric water content and soil suction in kPa.
Over 200 sets of water content versus soil suction data were collected. Each fitted model was plotted over the soil suction range from 0.1 to 1 000 000 kPa. Twelve different textures of soils, as indicated by the USDA soil classification system, were used in this study ( 
Designations and combinations of models used in this study
Three designations of the soil-water characteristic curve models were used in this study. First, a normalized water content form was used. In this case, the predicted water content becomes a constant at residual conditions, and soil suction is allowed to increase to infinity. Second, the Fayer and Simmons (1995) correction was applied to the soil-water characteristic curve data sets. Third, the Fredlund and Xing (1994) correction was applied to the various soil-water characteristic curve data sets. Figure 4 shows a typical comparison of soil-water characteristic curves fitted using various models for a silty loam soil. Figure 5 shows a typical comparison of soil-water characteristic curves fitted using various models for a sandy loam soil.
Method of evaluating each model performance
The Akaike Information Criterion (Akaike 1971 (Akaike , 1972 (Akaike , 1974 was selected for the evaluation of the performance of ------each model. The Akaike Information Criterion takes into account the number of fitting parameters of the model, the residual sum of squares, and the number of experimental data points. A low or negative Akaike Information Criterion indicates a better fit of the model to the data. The selection of a model should not be based solely on the goodness of fit. The error estimation technique must compare the error associated with different models having a different number of fitting parameters, on an unbiased scale.
The curve fitting routine designed by Fredlund and Xing (1994) was modified and updated by Fredlund (1996) and used to fit parameters for 23 possible combinations (or forms) of models.
Presentation and analysis of fitted model parameters results
Each model analyzed is limited to either two or three fitting parameters. The correction factors used in conjunction with the soil-water characteristic model add either one or no additional fitting parameters. Table 3 shows the combinations of models and correction factors and the number of fit- ting parameters associated with each of these combinations. Over 200 sets of water content versus soil suction data were fitted to each of the three forms of soil-water characteristic curve models (Le., van Genuchten (1980 ) -Burdine (1953 , Gardner (1956) , Brooks and Corey (1964) , Brutsaert (1966) , Mualem (1976 ), van Genuchten (1980 , Boltzman from McKee and Bumb (1984) , Fermi from McKee and Bumb (1987) , and Fredlund and Xing (1994». The water content versus soil suction data sets were sorted into eight USDA soil classifications (Table 2 ) and were used for the Akaike Information Criterion analysis.
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An attempt was made to assess the relative benefits of the two correction factors, when applied to each of the models. The relationship between the fitted parameters and the effect that each parameter has on the shape and position of the soil-water characteristic model was also studied.
The mathematical form of the soil-water characteristic models studied can be divided into three basic categories as follows: Vol.38, 2001 (1) exponentially based models such as Boltzman (McKee and Bumb 1984) and Fermi (McKee and Bumb 1987) ,
(2) models that have two fitting parameters and are not exponentially based; such as the Gardner (1956) , Brooks and Corey (1964) , Brutsaert (1966 ), van Genuchten (1980 ), van Genuchten (1980 ) -Burdine (1953 ), and van Genuchten (1980 ) -Mualem (1976 models, and (3) models having three fitting parameters; such as the van Genuchten (1980) and Fredlund and Xing (1994) models.
Each of the three categories of models gives a different quality of fit as shown by the Akaike Information Criterion presented in Table 4 . A comparison of the Akaike Information Criterion can be made because each model combination was fitted to a similar data set. Any experimental error in the data is consistent for each of the models. The average Akaike Information Criterion for each model was calculated by adding the Akaike Information Criterion for each model combination that was fitted, and dividing by the number of combinations.
Summary of the results from the Akaike Information Criterion analysis
The Fredlund and Xing (1994) (1966 ( ), van Genuchten (1980 - Mualem (1976) , Brooks and Corey (1964), van Genuchten (1980) - Burdine (1953) , and Gardner (1956) models was small. Figure 6 is a plot of the average Akaike Information Criterion versus the model type. In general, the three-parameter models performed best for fitting the soil-water characteristic data. Each of the two-parameter models that were not exponential based, performed approximately the same. The exponential based models generally provided the poorest fit to the soil-water characteristic data. Table 4 also shows the average Akaike Information Criterion with the correction factor added. The Fayer and Simmons (1995) correction factor had the lowest Akaike Information Criterion of -733. The Fredlund and Xing (1994) correction had the largest Akaike Information Criterion of all of the correction factors. In other words, the Fredlund and Xing (1994) correction does not add a fitting parameter, however, this does not appear to compensate for the increased residual sum of squares. The difference in the Akaike Information Criterion between the Fayer and Simmons (1995) correction factor and the normalized water content form of the models can be considered to be inconclusive. The Fayer and Simmons (1995) correction had the lowest calculated Akaike Information Criterion. However, the normalized water content form was only slightly less ef- ficient at modeling the given data sets than when using the Fayer and Simmons (1995) correction factor. The normalized water content form that performed best was the Gardner (1956) equation. The two-parameter model that performed best with the Fredlund and Xing (1994) correction was the Brooks and Corey (1964) model. The Brutsaert (1966) model, modified using the Fayer and Simmons (1995) correction factor, was the overall best twoparameter model.
The models that gave the lowest Akaike Information Criterion tended to require the least effort to find best-fit parameters. The Fredlund and Xing (1994) model that had the lowest Akaike Information Criterion also tended to require less iterations to compute the best-fit parameters compared to the other models. Also, the Fredlund and Xing (1994) model required less accuracy in the initial parameter guesses than other models in order to ensure convergence to the best-fit parameters. The equations with the lowest Akaike Information Criterion number tended to provide solutions with the fewest number of iterations and had fewer singularity problems.
The models that were the easiest to fit tended to have a form similar to the Gardner (1956 ) model (i.e., Brutsaert (1966 van Genuchten (1980) ; van Genuchten (1980) - Burdine (1953); van Genuchten (1980) - Mualem (1976) , and Xing (1994». The Gardner (1956) model has parameters that have an independent effect on the soilwater characteristic curve. For example, the n parameter, or pore size distribution parameter, is an exponent that determines the general shape or slope of the curve. The a parameter bears a relationship to the air-entry value of the soil and determines the lateral position of the curve.
The models that were the most difficult to fit were the exponential based models. These models usually required many trials using different initial guesses for the parameters and required increased iterations before convergence to the best-fit parameters. The parameters of the exponential based models affect both the shape and the position of the curve. The interdependence of the parameters may cause uniqueness problems that increase the number of iterations required for the parameters to converge and the number of trials required in order to find a global minimum. 
Statistics of fitted parameters for different soils and forms of model
The texture of a soil indicated by the USDA soil classification bears a relationship to the shape of the soil-water characteristic curve. The tables of best-fit model parameters versus soil texture provide an estimate for the initial parameter guesses, as well as a range of reasonable results for the fitting routine. The statistics of the fitted curve for each fitted model parameter are shown in Tables 5-13 . Each of the tables provides the statistical properties of mean, median, and standard deviation for each of the soil fitting parameters corresponding to each of the soil-water characteristic curve models. The best-fit analyses were also performed with the Fredlund and Xing (1994) correction applied and with the Fayer and Simmons (1995) correction applied. The best-fit analyses were performed for eight of the soil classifications.
Coefficients of variation can be computed for each of the soil models. These were found to be quite large in most cases, which means that it is not possible to fix soil parameters for soils falling into a particular category. Rather, it is necessary to use other analytical means of obtaining suitable soil parameters when analyzing geotechnical engineering problems.
Observations based on the statistical study of the data
The following observations were made using the statistical studies on the soil-water characteristic data and the various proposed models.
(1) The fitting of the water content versus soil suction data to the various models indicated that the Fredlund and Xing (1994) model had the lowest calculated Akaike Information Criterion and would appear to most accurately model the soil-water characteristic curve data.
(2) The van Genuchten (1980) model, modified using the Fredlund and Xing (1994) correction factor, showed the second lowest average Akaike Information Criterion. (3) The Brutsaert (1966) model had the lowest Akaike Information Criterion of the two-parameter models when considering all three forms of the equation. The difference in the calculated Akaike Information Criterion for the Brutsaert (1966) , Mualem (1976) , Brooks and Corey (1964), van Genuchten (1980) - Burdine (1953), and Gardner (1956) models is small. The accuracy, simple form, and meaningful parameters associated with the Brutsaert (1966) model make it a desirable two-parameter model. Also, the Brutsaert (1966) model converged to the best-fit parameters with the least number of iterations, had fewer uniqueness problems, and was not sensitive to the initial parameter guesses.
(4) The van Genuchten (1980) and van Genuchten (1980) - Mualem (1976) models appear to be among the most commonly used models, particularly in agricultural related disciplines.
(5) The Boltzman (McKee and Bumb 1984) and Fermi (McKee and Bumb 1987) equations were based upon an exponential function, were the most difficult to fit, and had the largest Akaike Information Criterion values. One reason for the difficulty in performing the fit is the overlap in the domain of each parameter. Both fitting parameters affect the shape and position of the curve, and this results in uniqueness difficulties for the fitting routine.
(6) The Brutsaert (1966 ), van Genuchten (1980 ), van Genuchten (1980 - Mualem (1976) , Brooks and Corey (1964 ), van Genuchten (1980 ) -Burdine (1953 , and Gardner (1956) models produced an Akaike Information Criterion that was approximately equal for each model.
The van Genuchten (1980) model with the m parameter equal to 1.0 is essentially the same as the Brutsaert (1966) model. The Brutsaert (1966) model had a lower Akaike Information Criterion than the van Genuchten (1980) - Burdine (1953 ) and van Genuchten (1980 ) -Mualem (1976 models for the given data. The relationship between n and m for the van Genuchten (1980) model, which treats the m parameter as a fitting parameter, varied with soil texture. Therefore, setting the m parameter equal to 1.0 appears to be a better assumption than fixing the relationship between the nand m parameters as in the van Genuchten (1980) - Burdine (1953 ) and van Genuchten (1980 ) -Mualem (1976 models. Also, allowing m to be a fitting parameter, as in the van Genuchten (1980) model, appears to be a superior solution to defining a relationship between nand m.
(8) Correction factors for the soil-water characteristic curve models provide a useful improvement when modeling the water content versus soil suction relationship in the high suction region. The extension of the soil-water characteristic models to zero water content at I 000 000 kPa appears to agree with the available data and theoretical considerations.
(9) The normalized water content form for the equations limits the range of water content that can be fit by the model. Therefore, the soil-water characteristic model may appear to show an improved accuracy over a limited range of the water content versus soil suction data.
(10) The lowest measured water contents and soil suctions appear to influence the magnitude of the residual water content. The fitting routine tends to overestimate the residual water content if the experimental data does not extend well into the zone of desaturation. The fitted residual water content parameter tends to be overestimated when the last measured water content is larger than the water content at which the zone of residual saturation begins.
(11) The operation of the fitting routine indicated that models with the lowest Akaike Information Criterion tended to converge with the least average number of iterations and have the least sensitivity to the initial parameter guesses.
(12) Best-fit parameters from one model do not, in general, appear to have a close correlation with the fitted parameters of another model. Likewise, the fitted parameters from a model do not appear to have a close correlation to the bestfit parameters of the same model when a different correction factor is used.
(13) Convertingfitted parameters of one model into parameters of another model does not appear to be reliable at this point. Likewise,convertingthe fitted parameters of one form of a model into parameters of another form of the same model does not appear to be reliable. The soil-water characteristic curve data should be independentlyfitted to each model.
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Sillers and Fredlund Normalized water content form The normalized water content form is a method that limits the range of water content over which the soil-water characteristic model is fit (i.e., between the saturated water content and the residual water content). Most models were originally proposed in the normalized water content form and provided some advantages:
(I) The normalized water content form increases the accuracy of the fit in the low suction region, (i.e., the capillary saturation zone and the desaturation zone).
(2) The normalized water content form appears to be a commonly used form for soil-water characteristic curve models. Databases of fitted model parameters generally use the normalized water content form of the equation for various soils.
Some of the disadvantages of the normalized water content form are as follows:
(1) There is uncertainty regarding the definition of residual water content.
(2) The normalized water content form does not adequately model the entire soil-water characteristic curve. In the high suction region it tends to overestimate the water content.
The Fredlund and Xing (1994) correction factor The Fredlund and Xing correction factor was proposed in order to improve the quality of fit in the high suction region of the soil-water characteristic curve. The advantages of using the Fredlund and Xing correction factor are as follows:
(I) The correction factor does not add an additional fitting parameter for the correction of the soil-water characteristic curve in the high soil suction range.
(2) The correction factor improves accuracy in the high soil suction range.
Some of the disadvantages of this correction factor are as follows:
(I) The Fredlund and Xing correction factor may slightly reduce the accuracy in the overall fit of the soil-water characteristic curve when compared to the normalized water content form.
(2) The correction is in the form of a defined mathematical function that may apply a restriction on the model and make it more difficult to fit to the experimental data.
The Fayer and Simmons (1995) correction factor The Fayer and Simmons correction factor provides an alternative means of modeling the soil-water characteristic curve and has the following advantages:
(I) The correction factor allows the modeling of the entire water content versus soil suction range and provides a physical explanation for water retention in the zone of residual saturation.
(2) The correction factor bypasses the controversy over the residual water content parameter used in the normalized water content form.
Can. Geotech. J. Vol.38, 2001 Some of the disadvantages of the Fayer and Simmons correction factor are as follows:
(1) One additional fitting parameter is required, which is related to a new empirical variable called the air-dried water content.
(2) Fitted model parameters cannot be converted to other forms of the same model.
